Background Dural arteriovenous fistulas are vascular malformations with variable clinical symptoms that range in severity from completely asymptomatic to seizures, dementia, loss of vision and intracranial hemorrhage. Historically, surgical obliteration was the treatment of choice but, more recently, endovascular embolization has become the first-line treatment. The liquid embolic agent Onyx (ethyl vinyl copolymer) has become the agent of choice, but problems with reflux around the delivery microcatheter and inadvertent venous penetration have arisen.
INTRODUCTION
Dural arteriovenous fistulas (dAVFs) are vascular malformations which may present with a range of symptoms and signs including intracranial hemorrhage. Surgical obliteration was historically the treatment of choice, but embolization has recently become the first-line treatment. 1 Successful and durable transarterial closure of dAVF requires penetration from the arterial side of the fistula into the venous side so, prior to the advent of Onyx, embolization was frequently achieved by transvenously occluding-where safe and feasible-the dural venous sinus receiving the fistula outflow, leading to upstream thrombosis of the arterial and venous components of the fistula.
Onyx (ev3 Neurovascular, Irvine, California, USA) has become the preferred embolysate due to its cohesive and non-adhesive nature which assists in controlled penetration of the fistula.
2 Two significant drawbacks with Onyx are arterial reflux alongside the delivery microcatheter and inadvertent venous penetration beyond the venous side of the fistula itself into an otherwise useful or potentially useful normal venous sinus lumen.
We present six cases in which a new doublelumen distal arterial balloon occlusion technique was used and discuss the advantages and disadvantages of this technique.
TECHNIQUE
In each case the procedure was performed under general anesthesia. Right common femoral artery access was obtained and a 6 Fr Envoy MPD guide catheter (Cordis Corporation, Bridgewater, New Jersey, USA) was advanced into the relevant external carotid artery over a Terumo 0.035 inch angled glide wire (Terumo Corporation, Tokyo, Japan). A 4×10 mm Scepter C balloon (Microvention, Tustin, California, USA) was then advanced through the guide catheter using a Transend EX Platinum 0.014 inch microwire (Boston Scientific, Natick, Massachusetts, USA) into the target artery (figure 1).
For cases where a venous balloon was employed, a 6 Fr Envoy catheter was advanced over a glide wire to the relevant jugular bulb via a right common femoral vein access. A Copernic 8×80 mm balloon (Balt Extrusion, Montmorency, France) was then advanced coaxially over a Transend microwire into the relevant dural sinus (figure 2).
Both arterial and venous balloons were inflated under fluoroscopy prior to dimethyl sulfoxide and Onyx injection, and inflation of the venous balloon was maintained for 3-5 min intervals for the duration of embolysate injection. The arterial balloon was left inflated for the duration of the Onyx injections. Inflation of the arterial balloon was undertaken with caution due to its relative oversizing in relation to the parent vessel, much in the same manner as underinflation of semicompliant but oversized balloons is routinely employed in balloon angioplasty for vasospasm in the pial circulation. Both balloons were deflated for angiography through the arterial guide catheter to confirm fistula occlusion.
Variations or procedural events are described below.
CASE PRESENTATIONS
The details of each case are listed in table 1.
Case 1
A 56-year-old man with hypertension, dyslipidemia and obesity presented with right hemiplegia, receptive dysphasia and confusion. Investigations
Open Access Scan to access more free content demonstrated a left parietotemporal hemorrhage and a Cognard IV dAVF. Embolization was completed from the left middle meningeal artery (MMA) with no complications. After the procedure the patient recovered from his hemiplegia and confusion but dysphasia persisted and he was therefore discharged to a rehabilitation unit.
Case 2
A 62-year-old man with hypertension and hypercholesterolemia was admitted for embolization of an incidentally discovered dAVF in 2006 but the patient was lost to follow-up. He was reinvestigated upon development of headaches after cardiac surgery 3 months previously which revealed a Cognard III fistula. During the procedure an attempt was made to wedge a Marathon microcatheter (ev3 Neurovascular) within the smaller accessory meningeal artery, but intractable arterial reflux occurred and hence the larger MMA was catheterized using the balloon catheter. Embolization was completed uneventfully and the patient was discharged the following day.
Case 3
A 62-year-old woman presented with pulsatile tinnitus and was found to have a Cognard IIa+b dAVF. Onyx was injected from the right MMA with the venous balloon in the right transverse/ sigmoid sinus and a diagnostic catheter was inserted in the left common carotid artery for angiography. The rationale for using venous protection in this case was the presence of an otherwise normal transverse sinus which did not require sacrifice per se, and the questionable presence of an antegradely draining vein of Labbé into the milieu of the fistulous network. During one of the arterial balloon re-inflations the balloon inflated beyond the margins of the MMA consistent with vessel rupture (figure 3). The embolization was completed with both balloons inflated and Onyx was injected via the balloon catheter as it was deflated and withdrawn. Successive angiography via the guide catheter as this was performed demonstrated immediate cessation of extravasation from the MMA. On-table flat panel CT was performed after withdrawal of the arterial balloon catheter, showing no evidence of an extradural hematoma. After the procedure the patient was asymptomatic and she was discharged the following day.
Case 4
A 47-year-old male ex-smoker presented with acute onset of leftsided weakness and numbness and a history of two similar but Figure 3 Non-subtracted lateral projection angiogram demonstrating the size and shape of the arterial balloon suggestive of rupture. self-limiting episodes. Investigations demonstrated a Cognard IV dAVF with no hemorrhage. In this case it was considered desirable to preserve the superior sagittal sinus (SSS) if possible in order to restore a more functionally normal pattern of cerebral venous drainage. A strategy deploying a venous side balloon was therefore employed. Successful embolization was performed from the left MMA with the venous balloon in the SSS. The SSS was preserved and reverted to normal cortical drainage at the end of the procedure. The patient made a gradual recovery and was discharged home 5 days after the procedure.
Case 5
A 69-year-old man presented with a sudden onset severe headache and right homonymous hemianopia. Investigations revealed a left occipital hemorrhage and Cognard IV dAVF (figure 4). A venous balloon was placed in the SSS and successful embolization was completed sequentially from the right MMA and then the left MMA during the same procedure ( figure 5 ). The SSS was preserved (figure 6) and the patient was discharged the following day.
Case 6
A 61-year-old man with hypertension presented with left hemiparesis and was found to have a Cognard III dAVF on angiography. This was successfully embolized from the anterior division of the right MMA with a venous balloon in the SSS. The procedure was uncomplicated and the patient was discharged home 2 days after the procedure.
DISCUSSION
We have described six cases where a double-lumen balloon microcatheter has been used for dAVF embolization. To our knowledge this is the first case series of such an application, although use of proximal arterial balloon occlusion has been described previously. [3] [4] [5] There are numerous advantages of this technique. First, the balloon is able to simulate a 'wedge and plug' effect 4 in larger vessels, which is especially useful in lesions with tortuous arterial feeders where difficulty in reaching a distal point for embolization is expected or experienced, or where multiple feeding arteries arise from a common trunk. A 'path of least resistance' is produced towards the dAVF, promoting antegrade embolysate flow. Although use of a larger non-balloon microcatheter will cause 'wedging' in a more proximal vessel, this in itself is no guarantee of forming an antegradely decreasing pressure gradient or against embolysate reflux, hence an Onyx plug will still probably be required, similar to cases where smaller flowdirected microcatheters are wedged more distally.
On average, in our experience, formation of a satisfactory preliminary Onyx 'plug' requires between 5 and 25 min of cyclic injections. By negating the need to spend time creating the initial Onyx plug, retrograde arterial reflux of Onyx and hence risk of catheter retention, overall fluoroscopy time and Onyx volume can be reduced, as was experienced in our cases. Immediate antegrade flow of Onyx towards the fistula occurred in all patients in our case series and no reflux around the inflated balloon was identified. The balloon also reduces flow Figure 4 Townes projection angiogram from the right common carotid artery demonstrating the dural fistula with the venous varix which drained into the sagittal sinus and left transverse sinus. through the fistula, 3 4 lowering the risk of unwanted or excessive venous penetration. Complete embolization was achieved in all cases.
Second, large vein penetration can further be diminished where desired by employing a venous side balloon as described in cases 3-6. Furthermore, segments of venous sinus draining solely the fistula, which would historically have been sacrificed with coils, can be restored to normally functioning vessels used for cerebral drainage, reducing the likelihood of ongoing intracranial venous hypertension due to persistent inadequate cerebral venous drainage. While the authors are cognisant of the fundamental principle of achieving dAVF cure by achieving artery-to-vein penetration, complete closure of large segments of major dural sinuses is frequently unnecessary and, in some cases, undesirable. Use of a venous protection balloon can convert many of these treatments into curative-reconstructive rather than curative-deconstructive procedures.
Third, similar to using separate balloon and embolization microcatheters, the balloon can be used to prevent reflux into adjacent branches 4 5 but, with a double-lumen device, the artery only needs to be catheterized once, reducing the risk of trauma and vasospasm rendering re-access with the second catheter difficult.
Similar to the embolization catheter/balloon catheter technique and in keeping with use of semicompliant balloons in angioplasty for vasospasm, balloon inflation must be undertaken with care to avoid vessel perforation, as occurred in case 3. The torquability and robustness of the larger microwires usable in the double-lumen balloon can also be advantageous. In our practice we currently use Onyx exclusively for dAVF embolization as it allows for a slower, more controlled injection. 6 Onyx has been suggested as a more durable agent than nbutylcyanoacrylate in dAVF embolization 2 but, regardless of the agent, it is likely that use of a balloon allows for a more controlled injection of any liquid embolic agent.
A number of trade-offs are identified. Use of a balloon microcatheter adds complexity to the preparation for the procedure as the balloon microcatheter needs to be prepared. The embolysate volume required may be higher because of the larger dead space of the balloon catheter (0.44 mL) and artery proximal to the fistula. This is more than likely offset in most cases by the minimization of reflux and excessive penetration into large/ normal veins which could ideally be preserved. The stiffer catheter was, in our experience, slightly more difficult to navigate than traditional catheters compatible with dimethyl sulfoxide and may render access difficult in tortuous arteries but, in our series, this was felt to be an acceptable trade-off. In our cases, this trade-off did not prevent us from delivering the catheter to a satisfactorily distal position. The operator must also be cognisant of the risk of potential vessel rupture which has also been described in a mixed case series in a patient undergoing intracranial arteriovenous malformation leading to neurological morbidity and requirement for surgical hematoma evacuation. 7 
CONCLUSION
We have described a number of cases in which a double-lumen balloon microcatheter was used for Onyx embolization of dAVFs. We believe this technique has the potential for streamlining the procedure in certain situations such as inaccessibility of the distal arterial feeder close to the point of fistula, multiple feeders from a common trunk and short segment of reflux tolerance with potentially lower overall procedural times, procedural failures and catheter retention. In such cases we would advocate this as a first-line technique. When lower profile, more navigable balloon catheters become available, this may become the standard of care.
